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Abstract 
Nowadays, surface finish has become an important indicator of quality and precision in manufacturing processes and it is 
considered one of the most important parameter in Industry. In this present study, the influence of different machining parameters 
on surface roughness has been analyzed. All these parameters have been studied in terms of depth of cut (ap), feed rate (F), 
cutting speed (Vc) and tool radius (R). A 2030-T4 aluminium alloy has been selected. Moreover, Design of Experiments (DOE) 
techniques have been used to predict the surface quality in advance and to select the optimal turning conditions. The 
experimental results revealed that for dry turning operations and for the amplitude parameters, the most significant factor was the 
interaction effect between the depth of cut and the feed rate. In addition, for facing operations, the feed rate turned out to be the 
most statistically influential factor of all the surface roughness parameters. 
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1. Introduction 
Nowadays, surface finish has become an important indicator of quality and precision in manufacturing processes 
and it is considered one of the most important parameter in Industry. Therefore, it is important to know in advance 
and to control the influence of machining parameters on the surface roughness of the manufactured part. 
Consequently, many authors have focused on studying and predicting the surface roughness by using experimental 
techniques. Gaitonde et al. [1] studied the effects of cutting conditions on machinability characteristics of dry turning 
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copper-tungsten parts. The input parameters selected were cutting speed and feed rate, and their influence was 
measured on the roughness parameters Ra and Rt, and the cutting force, feed force and depth force. Pereira et al. [2] 
measured the influence of feed rate, cutting speed, depth of cut and geometry of the tool on the average roughness 
obtained in dry turning bronze parts. The results revealed that the feed rate and the tool radius were the most 
influential factors in Ra.  
In order to know in advance the surface quality of the manufactured parts, many authors use experimental 
techniques that allow them to predict the surface roughness depending on the machining parameters. Puertas et al. 
[3] used Design of Experiments and proposed a 24 factorial design with four central points to study the surface 
roughness of a dry-machined aluminium alloy. Vargas et al. [4] employed the methodology Response Surface 
(RSM) in order to achieve a model and to predict the optimal combination of turning parameters. Asiltürk et al. [5] 
used Taguchi experimental design to optimize turning parameters and to obtain the lowest degree of surface 
roughness parameters Ra and Rz. The study results indicated that the feed rate and the interaction effect between 
feed rate and cutting speed were the most influential factors over the surface roughness. Some authors [6] do not 
only focus on the study of the part, but also of the tool, which takes an important role in determining the cutting 
conditions, and therefore, in the surface roughness.  
In this present study, the influence of different machining parameters on surface roughness has been analysed. 
These parameters are: Ra (arithmetic mean deviation), Rq (quadratic mean deviation), Rt (total height of roughness 
profile), Sm (mean spacing of profile irregularities) and Pc (peak count). All these parameters have been studied in 
terms of depth of cut (ap), feed rate (F), cutting speed (Vc) and tool radius (R). A 2030-T4 aluminium alloy has been 
selected. To carry out the experiments, Design of Experiments (DOE) techniques have been used to predict the 
surface quality in advance and to select the optimal dry turning conditions. The adequacy of the models has been 
tested through the analysis of variance (ANOVA).  
2. Design of the experimentation 
In the following section, the material and the cutting tools and machine-tool used are first described. Then, the 
design of experiments when using factorial design is introduced, and finally, the measurement of surface roughness 
is developed. 
2.1. Material selected and cutting tools and machine-tool used 
In this study the material selected for the experiments was a 2030-T4 aluminium alloy because it is widely 
employed in industry due to its easily dry-machined and the possibility of working at high speeds with high 
performance at the same time. The main application of this alloy is found in the aeronautical industry. 
All the experiments were carried out on a numerically controlled lathe Danobat (Danobar-45) which has a 
maximum spindle speed of 5500 rpm and a power of 19.5 kW. The maximum diameter and the maximum length 
possible to machine are 180 mm and 500 mm, respectively. As cutting tool, inserts of hard metal with a coating of 
titanium nitride (TiN) were selected. They were double faced rhomboidal inserts with four cutting edges. The 
selected radii for the cutting tools were 0.4, 0.8 and 1.2 as can be observed in Fig. 1. 
 
 
Fig. 1. Cutting tools used with radii of 0.4 (a), 0.8 (b) and 1.2 (c) mm 
  (a)                      (b)            (c) 
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Machining operations consisted of dry turning and facing operations to finally obtain cylindrical parts with a 
diameter of 16 mm and a length of 16 mm. 
2.2. Design of experiment selected 
A factorial design 24 with four central points has been selected to analyse if there exists curvature in the proposed 
models and hence, a second order model is necessary. The first-order model consists of a total of 20 experiments, 
whereas, for the second order model 8 stars points were added giving a central composite design with 28 
experiments. Every run was done for both dry turning and facing operations. No replication was done. Following the 
completion of all experiments and depending on the results, the best- fitted model was chosen and analysed for each 
of the response variables. To do this, the lack-of-fit test and the coefficient of multiple determination (R2) were 
compared. In the case of facing operation, the behaviour of all the roughness parameters were analysed using the 
second-order model. In contrast, the first-order model was used to analyse the roughness parameters of dry turning 
operation, except for Pc. 
The depth of cut (ap), the feed rate (F), the cutting speed (Vc) and the tool radius (R) were selected as the 
machining parameters. Design factors and selected levels are shown in Table 1. The depth of cut levels chosen were 
0.25, 0.50 and 0.75 mm, and for the case of the feed rate and the cutting speed were 0.05, 0.10 and 0.15 mm/rev, and 
25, 50 and 75 m/min, respectively. As previously pointed out, the selected radii for the cutting tools were 0.4, 0.8 
and 1.2 mm. All these levels were selected based on previous experiences [3] and the characteristics of the cutting 
tool and the mechanical properties of the material. 
    Table 1. Machining parameters and their values 
Design factor 
Levels 
Low Central High 
ap [mm] 0.25 0.50 0.75 
F [mm/rev] 0.05 0.10 0.15 
Vc [m/min] 25 50 75 
R [mm] 0.4 0.8 1.2 
2.3. Measurement of surface roughness 
Surface roughness was characterized by the amplitude parameters Ra (arithmetic mean deviation), Rq (quadratic 
mean deviation) and Rt (total height of roughness profile), and the spacing parameters, Sm (mean spacing of profile 
irregularities) and Pc (peak count). These parameters can be found in UNE-EN-ISO 4287:1999 [7]. An electronic 
rugosimeter with a mobile stylus (ALPA RT-70) was employed to measure the surface roughness. The stylus tip of 
the rugosimeter consists of a diamond cone whose angle and tip radius are 90º and 3 µm, respectively, and the force 
applied by this stylus is 0.12 mN. Each measurement was carried out for an evaluation length of 4 mm (5 x 0.8 mm), 
being 0.8 mm the cut-off value and 5, the number of sampling lengths selected. 
In all cases and for both operations, the surface roughness was measured at five different locations equally 
distributed at approximately 72º. In the case of dry turning operation five different generatrices of the turning 
cylinders were followed, and in the case of facing operations five different radios of the faced surface were 
measured, as depicts Fig. 2. 
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   (a)                                     (b) 
Fig. 2. Surface roughness measurement for turning (a) and facing (b) surfaces 
3. Discussions and results 
In this section the roughness parameters such as Ra, Rq, Rt, Sm and Pc are analysed. 
3.1. Analysis for dry turning 
First-order model was selected to analyse the behaviour of the amplitude roughness parameters Ra, Rq and Rt. In 
the case of Ra, it yields a value of the statistical R2 of 0.8272, indicating that the model fit is 82.72 % of the 
variability of Ra. Table 2 shows the ANOVA table first-order model for the response variable of Ra. It can be seen 
that five effects influence the response to a significance level of 95 %. These effects are the feed rate (B) and the 
interaction effect between depth of cut and feed rate (AB), depth of cut and tool radius (AD), feed rate and cutting 
speed (BC), and finally, between feed rate and tool radius (BD). 
   Table 2. Analysis of variance for Ra 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
These results are represented graphically in the main effects plot (see Fig. 3). As can be observed Ra value 
increases drastically when feed rate is increased and all other factors remain constant at their central values. For the 
case of depth of cut variable, in spite of not being considered as a significant factor, an increase in its value tends to 
produce a better surface roughness. These results are in good agreement with the results from the literature reviewed 
[3]. 
 
Source Sum of Squares Df Mean Square F-Ratio P-Value 
A: ap 1.1025 1 1.1025 1.06 0.3233 
B: F 11.0224 1 11.0224 10.61 0.0069 
AB 17.7662 1 17.7662 17.09 0.0014 
AC 1.35722 1 1.35722 1.31 0.2754 
AD 5.6644 1 5.6644 5.45 0.0378 
BC 10.4006 1 10.4006 10.01 0.0082 
BD 12.3904 1 12.3904 11.92 0.0048 
Total error 12.4713 12 1.03928   
Total (corr.) 72.1751 19    
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Fig. 3. Main effects plot for Ra 
Hence, Fig. 4 and Fig. 5 depict the estimated response surface of Ra in function of the factors depth of cut and 
feed rate, and feed rate and tool radius, while the other factors remain constant in their central values. As can be seen 
in the graphs, in the two cases surface roughness tends to worsen when feed rate reaches high values. 
 
 
Fig. 4. Estimated response surface of Ra 
 
Fig. 5. Estimated response surface of Ra 
With respect to Rq and Rt roughness parameters, similar results were found, being the interaction effect between 
depth of cut and feed rate the most significant factor on both responses. 
For the spacing parameters Sm and Pc, the values of the statistical R2 obtained were 0.8608 and 0.9185, 
respectively. In the case of Sm the lack-of-fit test, with a value of 0.2723, indicates that the first-order model is 
valid, since its value is higher than the P-value (0.05) for a confidence level of 95 %. However a second-order model 
was proposed for Pc parameter.  
Fig. 6 and Fig. 7 depict the main effects plot for Sm and Pc, respectively. As can be clearly observed, the feed 
rate is the most significant factor for both responses. Increasing the feed rate value produces a lesser number of 
irregularities (low Pc) but, at the same time, with greater sizes and greater distance between them (high Sm). That 
explains why Sm and Pc has the opposite tendency. Moreover, in the case of the tool radius variable this trend 
continues as can be seen in the graphs. 
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Fig. 6. Main effects plot for Sm 
 
Fig. 7. Main effects plot for Pc 
Fig. 8 and Fig. 9 show the estimated response surface of Sm and Pc, respectively, as a function of the feed rate 
and tool radius design parameters. In the first case, the lowest values of Sm can be found at high values of tool 
radius (1.2 mm) combined with the lowest values of feed rate (0.05 mm/rev). Meanwhile, in the case of Pc 
parameter, there is an increasing tendency of this parameter when the feed rate decreases. This tendency is more 
pronounced at high values of tool radius. 
 
Fig. 8. Estimated response surface of Sm 
 
Fig. 9. Estimated response surface of Pc 
3.2. Analysis for facing 
A second-order model was selected to analyse the behaviour of all the roughness parameters when facing process 
of the aluminium alloy 2030. In the case of Ra, a value for the statistical R2 of 0.7493 is obtained, whereas the value 
of the lack-of-fit test is 0.9911, which indicates that the second-order model is suitable. 
Table 3 shows the ANOVA table second-order model for the response Ra. As can be clearly seen three effects 
have a P-value less than 0.05, indicating that they influence in Ra to a confidence level of 95 %. These significant 
effects, arranged in order of importance are: the feed rate (B), the quadratic effect of depth of cut (AA), and finally, 
the interaction effect between depth of cut and feed rate (AB). 
   Table 3. Analysis of variance for Ra 
Source Sum of Squares Df Mean Square F-Ratio P-Value 
B: F 18.0 1 18.0 42.84 0.0000 
C: Vc 1.28 1 1.28 3.05 0.0955 
AA 2.76246 1 2.76246 6.57 0.0181 
AB 2.73076 1 2.73076 6.50 0.0187 
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AD 1.39831 1 1.39831 3.33 0.0824 
BB 0.670864 1 0.670864 1.60 0.2202 
Total error 8.82331 21 0.420158   
Total (corr.) 35.197 27    
 
Furthermore, Fig. 10 represents the main effect plot for the corresponding effect on the response Ra. As can be 
observed Ra value increases significantly with the feed rate so that the higher its value is, the greater of the average 
roughness is, and thus a worsening of the surface occurs. A priori is the expected result since an increase in the feed 
rate leads to an increase in the material removal rate that produces higher cutting forces and higher machine 
vibrations. Moreover, this behaviour matches the behaviour illustrated in Boothroyd and Knight Equation [8] that 
defines the ideal arithmetic average roughness (Ra) and indicates that Ra increases when feed rate increases. 
 
 
Fig. 10. Main effects plot for Ra 
Fig. 11 and Fig. 12 depict the estimated response surface of Ra depending on the depth of cut and the feed rate, 
and on the depth of cut and the tool radius, respectively. In the first one the lowest values of Ra are observed at low 
values of depth of cut (0.25 mm) and feed rate (0.05 mm/rev). In the second one, Ra parameter reaches the highest 
values at any value of tool radius and when the depth of cut value is around 0.50 mm. The same tendencies are 
found for Rq and Rt parameters. 
 
 
Fig. 11. Estimated response surface of Ra 
 
Fig. 12. Estimated response surface of Ra 
With regard to the spacing parameters, R2 indicates that the adjustment of the model explains 76.12 % and 
92.02 % off the variability of Sm and Pc, respectively. Fig. 13 and Fig. 14 represent the main effects plot for Sm and 
Pc, respectively. As it happened in dry turning operation, the behaviour of feed rate with respect to Sm and Pc is the 
opposite. When the feed rate is increased, the distance between peaks enlarges due to the bigger irregularities 
produced on the part surface (high Sm). In contrast, the number of peaks is lower and Pc value tends to diminish. 
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Fig. 13. Main effects plot for Sm 
 
Fig. 14. Main effects plot for Pc 
4. Conclusions 
In the present research the surface roughness obtained in dry turning and facing processes of an aluminium alloy 
2030-T4 has been studied. The interest of the study is due to two reasons: first, the importance that surface 
roughness has reached, in both economic and mechanical terms, and secondly, due to the industry demands of 
quality and precision in the manufacturing of parts. 
For the dry turning operation, all the roughness parameters were analysed following first-order models except for 
Pc parameter. For Ra, Rq and Rt parameters, the most influential factor was the interaction effect between the depth 
of cut and the feed rate. In addition, for spacing parameters Sm and Pc, the feed rate turned out to be the most 
statistically significant factor for a confidence level of 95 %. Experiments Nº 14, Nº 9 and Nº 10 (arranged in this 
order) were those with the lowest value of the average roughness (Ra). In all the three cases the value of the feed 
rate was the minimum (0.05 mm/rev) combined with the highest value of the tool radius (1.2 mm). However, for the 
experiment Nº 14, the value of the cutting speed was higher. 
With respect to facing operation, all the parameters were analysed using second-order models. The results 
showed that the only significant factor was the feed rate, and it influences in such a way that an increase in its value 
results in higher values of Ra, Rq, Rt and Sm. The higher the feed rate value is, the deeper the irregularities on the 
surface are produced. As a consequence, a worsening of surface roughness is produced. According to Pc parameter, 
the tendency is the opposite. The rest of the factors were not considered influential for a confidence level of 95 %. 
Experiments Nº 1, Nº 9 and Nº 13 (arranged in that order) obtained the lowest values of Ra. In all the three cases, 
both the feed rate and the depth of cut values were minimum (0.05 mm/rev and 0,25 mm). Moreover, for Nº 1 and 
Nº 9, the cutting speed had a low value (25 m/min), whereas, for experiment Nº 13 was higher (75 m/min). 
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